Shoot, and to a much lesser extent, root dry weight, increased for all species as weekly P fertilization rate was increased from 0 to 8 mg/ pot. As P fertilization was increased from 8 to 64 mg/pot, neither roots nor shoots of most species showed any additional growth in response to increased P. Root to shoot ratio decreased sharply as P fertilization rate was increased from 0 to 8 mg/ pot, but remained relatively constant in response to further increases in P fertilization rate.
RESEARCH REPORTS
atic tissue and in particular, root growth (Tisdale et al., 1985; Wittwer, 1969; ) . There is a widespread belief that P fertilization stimulates root growth over shoot growth. In a review on root to shoot ratios in trees, Harris (1992) cited seven examples of books or manuals on tree care that either stated or implied that P primarily promotes root growth and N shoot growth. However, none of these references provided any experimental data to support this dogma. The belief that P fertilization preferentially stimulates root growth over shoot growth has led to the practice of providing high P content starter fertilizers to promote rapid transplant establishment of horticultural plants (Wittwer, 1969) , again without experimental evidence that high P fertilizers are beneficial to root growth. There is some evidence that P-starved roots grow and branch profusely when P is added to their environment (Drew and Saker, 1978) , but nothing to indicate that roots of previously P-starved plants grow any faster than their shoots, or that addition of higher levels of P increases either root or shoot growth rates above that of minimally P-sufficient plants. Indeed, Anghinoni and Barber (1980) showed that P starvation, rather than its provision, increased root to shoot dry weight ratios in corn (Zea mays L.), and Dufault (1985) found that root to shoot ratios decreased with increasing P fertilization levels in celery [Apium graveolens var. dulce (Mill.) Pers.] transplants. Other studies showed that P had no effect on either root growth or root to shoot ratio in a wide range of plants (Dufault and Schultheis, 1994; Melton and Dufault, 1991; Weston and Zandstra, 1989; Yeager and Wright, 1981) . The purpose of this study was to determine the root and shoot growth responses to P fertilization in a wide range of container-grown horticultural plants. 
Materials and methods

Results and discussion
Plants of all species were extremely stunted when grown with no supplemental P, and shoot dry weight increased sharply for all species as P applied per pot was increased from 0 to 8 mg/week (Figs. 1 and 2; Table 2 ). For most species, shoot dry weight showed little or no increase as P fertilization rate was increased from 8 to 64 mg/week. Shoot dry weight of bell peppers and areca palms appeared to decrease slightly as P fertilization rate was increased beyond 16 mg/week.
Root dry weight remained relatively constant for tomatoes and marigolds as P was increased from 0 to 64 mg/week (Fig. 1) . However, bell peppers, pentas, ixoras, areca palms, and spathiphyllums showed a slight increase in root dry weight as P was increased from 0 to 8 mg/week (Figs. 1 and 2) . For ixoras and spathiphyllums, root dry weight increased slightly at higher P fertilization rates, but areca palm root dry weight began to decrease at P fertilization rates of 16 mg/week or higher (Fig. 2) .
Root to shoot ratios decreased with increasing P fertilization for tomatoes and marigolds (Fig. 1) . Root to shoot ratio was highly variable for marigolds. For all other species, however, root to shoot ratios decreased sharply as P was increased from 0 to 8 mg/week, but remained relatively constant as P was further increased from 8 to 64 mg/ week. These data demonstrate that less than that of the shoots. Higher levels of P resulted in little or no increase in root growth for these species. Similarly, shoot growth responded most dramatically to increasing P fertilization only at deficiency levels. Further additions of P generally did not result in additional shoot growth for most species and may even have suppressed shoot growth slightly at the highest levels (64 mg P/week) for areca palms and bell peppers. Root to shoot ratio, the best indicator of differential root growth response, decreased or remained the same as P fertilization rates were increased for all species tested. These results are in agreement with earlier studies on other crops (Anghinoni and Barber, 1980; Dufault, 1985; Dufault and Schultheis, 1999; Melton and Dufault, 1991; Weston and Zandstra, 1989; Yeager and Wright, 1981) 
Conclusions
Our data suggest that most container-grown plants require only minimal amounts of P for optimum growth and that applications of high P fertilizers will not promote either root or shoot growth in plants as popularly believed. In fact, relative root growth actually decreased or stayed the same with increased P fertilization. Thus there is no advantage to using high P fertilizers in the production of these crops. increasing P fertilization rates does not promote root growth as popularly believed. In fact, only at deficiency levels of substrate P did roots of most species respond positively to increased P fertilization, and even then root response was 
